Abstract | Aspirin is effective for the prevention of cardiovascular events in patients with a history of vascular disease, as so-called secondary prevention. In general populations with no history of previous myocardial infarction or stroke, aspirin also seems useful for primary prevention of cardiovascular events, although the absolute benefits are smaller than those seen in patients with previous cardiovascular disease. Patients with diabetes mellitus are at an increased risk of cardiovascular events, but new trials have raised questions about the benefit of aspirin for primary prevention in patients with this disorder. This Review comprehensively examines the basic pharmacology of aspirin and provides an overview of the randomized, controlled trials of aspirin therapy that have included patients with diabetes mellitus. On the basis of currently available evidence from primary prevention trials, aspirin is estimated to reduce the relative risk of myocardial infarction and stroke by about 10% in patients with diabetes mellitus; however, aspirin also increases the risk of gastrointestinal bleeding. As such, low-dose aspirin therapy (75-162 mg) is reasonable for patients with diabetes mellitus and a 10-year risk of cardiovascular events >10%. Results from upcoming large trials will help clarify the effects of aspirin with greater precision, including whether the benefits differ between men and women.
Introduction
aspirin is well-proven to reduce cardiovascular events in patients with a history of cardiovascular disease.
1 in addition, meta-analyses of multiple randomized trials conducted over the past 25 years suggest that aspirin can reduce nonfatal myocardial infarction in men with no previous history of cardiovascular disease. [2] [3] [4] Few trials are available in women, but the current evidence (mainly obtained from one large trial) suggests that aspirin may reduce stroke in women. 4, 5 However, aspirin also increases the risk of gastrointestinal bleeding; therefore, the net benefit of aspirin depends on the absolute cardio vascular risk of the patient who is being considered for treatment. if one assumes that the reduction in relative risk of cardio vascular events with the use of aspirin is approximately constant across different patient populations, those at high cardiovascular risk might potentially derive net benefit from aspirin, whereas those at very low risk of cardiovascular disease could experience deleterious rather than beneficial effects.
Patients with diabetes mellitus are at an increased relative risk of cardiovascular events. 6 Cardiovascular risk in middle-aged and older adults is frequently as high as that in adults without diabetes mellitus who have had a previous cardiovascular event. the absolute excess risk increases with age and the presence of other risk factors for cardiovascular diseases including smoking, dyslipidemia, hypertension, albuminuria and a family history of premature atherosclerosis. as such, patients with diabetes mellitus would seem to be a good target population for aspirin therapy, and practice guidelines have generally recommended aspirin use in patients with this disorder. However, two new trials conducted specifically in patients with diabetes mellitus have raised questions about the benefits of aspirin in this patient population. 7, 8 the results have prompted guideline-issuing organizations to re-examine their recommendations for aspirin use for primary prevention. 9 this review will first address the pharmacology and physiology of aspirin use and how it may differ in patients with diabetes mellitus. the clinical trial evidence for the primary prevention of cardiovascular disease with aspirin therapy in patients with diabetes mellitus will then be examined in light of these potential mechanisms. Finally, suggestions for clinical practice are provided, and the limitations in current evidence as well as the up coming trials that may help resolve these important clinical issues are highlighted.
Pharmacology of aspirin
upon damage to the endothelium of a blood vessel, activated platelets form a plug at the site of injury, in conjunction with the coagulation protein fibrin, to halt bleeding. Disorders of coagulation can increase the risk of hemorrhage (bleeding) or result in thrombosis (the formation of an obstructing blood clot). obstruction of >70% of the lumenal area of an artery can cause significant organ hypoxia and symptoms. obstruction of >90% can result in cell necrosis and death. Pharmacological agents that reduce blood clotting include antiplatelet drugs, which prevent thrombosis by decreasing platelet aggregation and thus inhibiting formation of a platelet plug (Box 1). the antiplatelet drug aspirin inhibits platelet activation via inhibition of the enzyme cyclooxygenase (CoX; also known as prostaglandin G/H synthase), which reduces the production of thromboxane a 2 (tXa 2 ; Figure 1 ). 10, 11 tXa 2 normally exerts an autocrine effect on the platelet it activates, as well as a paracrine effect on surrounding platelets. activation of platelets by tXa 2 occurs via its binding to one of two variant tXa 2 receptors on the platelet surface. this binding causes the activation of a series of guanine nucleotide-binding proteins (G proteins) that, in turn, activate phospholipase C and ultimately lead to the upregulation of the surface receptors integrin α iib β 3 (also known as platelet membrane glycoprotein iiB/iiia). surface integrin α iib β 3 receptors crosslink activated platelets with fibrinogen to help stabilize the platelet plug produced by aggregation of adjacent platelets.
CoX is expressed in two isoforms, CoX1 and CoX2, although mature platelets express almost exclusively CoX1, which is more sensitive to inhibition by aspirin. 12, 13 this effect can be measured by determining levels of a stable, inactive metabolite of tXa 2 , tXB 2 , in urine or in serum. serum tXB 2 is converted in the liver into two major metabolites, 2,3-dinor-tXB 2 and 11-dehydrotXB 2 that are excreted unchanged in the urine along with unconverted tXB 2 .
11,14 whereas measure ment of serum tXB 2 can be performed at any single time point, the variable conversion and elimination of tXB 2 metabolites in urine requires the collection of a 24-h sample if CoX1 inhibition is quantified via measurement of urine metabolites of tXB 2 . 12, 14 the efficacy of low-dose aspirin (75-162 mg) as an antiplatelet agent results primarily from two features of the drug's effect. First, the inhibition of the CoX enzyme in the platelet is irreversible. this irreversibility is due to the acetylation of the enzyme and accounts for the difference in antiplatelet effects between acetylsalicylic acid (aspirin) and salicylic acid, 15 which is similar to other nonsteroidal anti-inflammatory agents with its transient platelet-inhibiting effect. the circulating lifespan of a platelet is about 10 days and, therefore, this permanent inhibition by aspirin allows for an accumulation effect over the first 2-3 days of aspirin therapy. after the first dose of aspirin, 50-80% of tXa 2 production is suppressed and after a second dose this suppression increases >90%. 10, 16 once all the platelets have been affected, CoX1 inhibition can be maintained with a low, once-daily aspirin dose. 10, 15 second, the effect of aspirin on platelets is presystemic and begins in the portal circulation. unlike other antiplatelet drugs, such as clopidogrel and prasugrel, aspirin is active in its original form, and inhibition of platelets begins in gut capillaries as aspirin encounters platelets and passively diffuses across the phospholipid cell membrane to the intracellular CoX1 target. 10, 15 reductions in tXB 2 levels are observed before aspirin is detectable in the serum. 10 Given that the portal blood volume is low, the concentration of aspirin that platelets are exposed to in the portal circulation is relatively high, even at low doses. although the serum half-life of aspirin is short (~20 min), gastrointestinal absorption occurs over about 2 h, which ensures adequate exposure of platelets in the portal circula tion to inhibitory concentra tions of aspirin.
the result of these pharmacokinetic and pharmacodynamic aspects of aspirin therapy is that low doses exhibit complete inhibition of CoX1 in platelets as measured by serum or urine tXB 2 levels. in a study of 10 patients published in 1991, 17 75 mg of immediate-release aspirin showed 78% inhibition of tXB 2 production after a single dose and 99% inhibition by day three. 16 the same finding of 99% inhibition of tXB 2 production has been replicated in a study in 48 patients who received 100 mg aspirin.
Systemic effects of aspirin notably, the bioavailability of aspirin is approximately 50% across a wide range of dosing. 10 High doses can, therefore, produce higher systemic aspirin concentrations revieWS than low doses. exposure of the endothelial CoX2 enzyme to aspirin reduces the production of vascular prostacyclin-a lipid molecule that inhibits platelet aggrega tion (Figure 1 ). this exposure can have prothrombotic, localized effects in endothelium, the clinical importance of which is still debated. 12 regardless, one reason to keep doses low (<500 mg daily) in clinical practice is to avoid systemic effects of aspirin.
Aspirin resistance
Aspirin resistance in the general population variability in the measured bleeding time response to aspirin therapy was noted several years before the mechanism of the antiplatelet effect was known. 18, 19 the source of this variability is only somewhat better understood today. Despite complete suppression of tXa 2 production in the platelet by low-dose aspirin, numerous studies document a range of residual platelet activation on aspirin doses of 75-325 mg per day. 17, [20] [21] [22] some of these studies show apparent improvement in reducing this residual platelet reactivity with daily aspirin doses >325 mg. 21, 22 this apparent heterogeneity in the response to aspirin has led to the classification of some patients as 'aspirin resistant' .
resistance to the effects of aspirin continues to be a source of confusion for clinicians. 23, 24 Defining resistance as the occurrence of vascular events in patients who take aspirin is too broad, as it implies that vascular events could be eliminated with optimal dosing of aspirin. in the absence of a clear clinical definition, the results of several ex vivo and in vitro testing methods (for example, platelet aggregometry, measurement of levels of phosphorylation of vasodilator-stimulated phosphoprotein or serum tXB 2 ) have been used to measure platelet function and thus potentially predict the risk of thrombosis or bleeding. 25 as surrogates for clinical endpoints, however, these methods are flawed for several reasons. 17, 26 First, the platelet has numerous pathways of activation (Figure 1) 
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Clopidogrel, prasugrel Consequently, granule secretion of platelet agonists and secretion of thromboxane A 2 leads to amplification of platelet activation and its associated responses. Low-dose aspirin inhibits platelet activation via inhibition of the enzyme cyclooxygenase 1 (COX1), which reduces the production of thromboxane A 2 , whereas high-dose aspirin inhibits COX2 in endothelial cells, thereby suppressing prostacyclin production. By contrast, ADP receptor inhibitors, such as clopidogrel, prasugrel, ticagrelor and cangrelor, mediate their actions by inhibiting guanine nucleotide-binding protein-coupled purinergic receptor P2Y 12 .
Abbreviations: α IIb β 3 , integrin α IIb β 3 (also known as platelet membrane glycoprotein IIB/IIIA); βTG, platelet basic protein (also known as β-thromboglobulin); CCL5, CC-chemokine ligand 5 (also known as RANTeS); CD40L, CD40 ligand; COX, cyclooxygenase (also known as prostaglandin G/H synthase); 5HT, 5-hydroxytryptamine (also known as serotonin); NO, nitric oxide; PDGF, platelet-derived growth factor; PF4, platelet factor 4; PGI 2 , prostacyclin; P-sel, P-selectin; PSGL1, P-selectin glycoprotein ligand 1; P2Y 12 is known about surrogate platelet testing with aspirin comes from post-hoc analyses of prospective trials. [27] [28] [29] in such analyses, however, patients with a high residual platelet reactivity invariably have a greater predominance of other risk factors for vascular events, such as smoking, hypertension and diabetes mellitus, than those with low residual platelet reactivity. 27, 29 thus, although these data are adequate for the generation of a hypothesis, they do not prove cause and effect.
third, patient intravariability of various surrogate platelet testing modalities is large-a finding that casts further doubt on the clinical utility of surrogate testing for aspirin resistance at this time. in one trial, 48 study participants were randomly allocated to 100 mg of aspirin daily over 8 weeks and four different methods of platelet reactivity testing were performed weekly on each participant. 17 a wide intrapatient as well as interpatient variation was found for all testing modalities used. this variation occurred despite uniform suppression of serum tXB 2 . 17 Finally, as drug assays for antiplatelet agents become more sophisticated, some of the resistance reported is simply noncompliance with antiplatelet therapy. 30 to account for this variable in clinical practice is problematic, given the short half-life of aspirin and absence of a stable metabolite that could be measured as a surrogate for compliance with therapy.
Dose response surrogate tests for platelet reactivity sometimes show increased effects when high doses of aspirin (>500 mg) are administered, although this finding is in contrast to currently available indirect data from trials measuring clinical outcomes.
1,31 in the 2002 antithrombotics trialists' Collaboration (atC) analysis, 1 doses of aspirin >500 mg per day were no more effective for the prevention of vascular events than doses of 75-325 mg per day. similarly, in the Clopidogrel in unstable angina to Prevent recurrent events (Cure) study, 31 aspirin doses >100 mg daily, whether used in combination with clopidogrel or as monotherapy, were not more effective in reducing vascular endpoints than doses of 75-100 mg daily.
this discordance-an apparent dose-dependent effect of aspirin observed with surrogate measures of platelet function and no such effect found for vascular endpoints in clinical trials-casts further doubt on the clinical utility of surrogate platelet testing to identify aspirin resistance and the prescription of high-dose aspirin. evidence that promotes the use of high-dose aspirin would need to come from studies in which platelet response is determined first and then patients with apparent resistance are randomly allocated to regimens of either standard antiplatelet therapy or more intensive regimens. such trials would avoid the confounding of post-hoc analyses with nonrandomized patient populations, and a prospective determination could be made whether or not patients with platelet resistance (defined by surrogate measures) benefit from more intensive antiplatelet regimens. as described below, such studies are ongoing, although they may potentially not offer definitive data for the patient with diabetes mellitus.
Aspirin resistance in diabetes mellitus
Controversy regarding the relative benefit of aspirin in patients with diabetes mellitus has included concerns about aspirin resistance in this patient population. How the presence of diabetes mellitus affects platelet responsiveness to aspirin has yet to be fully elucidated. increased platelet aggregation in response to aDP and epinephrine was noted in patients with diabetes mellitus over 30 years ago. 32 new evidence obtained by surrogate platelet testing also notes about 50% increased rates of aspirin resistance in patients with diabetes mellitus compared with individuals without this disorder. 27, 33 indeed, independent from diabetes mellitus, obesity itself is associated with a reduced response to aspirin. 34 the mechanism of increased residual platelet reactivity in patients with diabetes mellitus is probably multi factorial. increased systemic production of isoprostanes, including thromboxane, likely plays a role. 35 in patients with diabetes mellitus and cardio vascular disease, a higher rate of tXa 2 production has been found than in healthy control indivi duals. 36 tight control of blood glucose with insulin reduces some of the excess production of tXa 2 . 36 Diabetes mellitus is also associated with increased levels of platelet adhesion molecules that could increase platelet aggregation. 37 reconstituted HDl cholesterol therapy has been found to reduce platelet reactivity in patients with type 2 diabetes mellitus. 38 whereas many of these pathophysiologic changes probably result from the metabolic consequences of insulin resistance, increased platelet reactivity has also been found in patients with type 1 diabetes mellitus without insulin resistance. 39 thus, hyperglycemia alone potentially accounts for at least part of the altered platelet response in patients with diabetes mellitus. this hypothesis is consistent with the observation that patients with type 1 diabetes mellitus have an increased risk of cardiovascular disease without concomitant dysl ipidemia and hypertension. 40 Despite findings of increased platelet reactivity in patients with diabetes mellitus, the therapeutic implications remain undetermined. no clear evidence from clinical trials exists to suggest that a different dosing strategy should be used for aspirin in patients with diabetes mellitus compared with individuals without this disease. in the att meta-analysis, 2 the reduction in relative risk of cardiovascular events with aspirin was similar in patients with diabetes mellitus and those without the disorder, although this analysis did not include three trials performed exclusively in patients with diabetes mellitus. 2, 7, 8, 41 this finding argues against a greater or lesser pharmacologic effect of aspirin in this patient population. similarly, although some evidence suggests that newer antiplatelet agents are more effective than aspirin in patients with diabetes mellitus, the observed benefits are very similar to those found in patients without this disorder. [42] [43] [44] these observations, therefore, probably reflect differences in antiplatelet agents themselves rather than the studied patient populations. to date, no large, randomized trials have directly compared different antiplatelet regimens for the primary prevention of cardiovascular events in patients with revieWS diabetes mellitus. thus, the clinical value of currently available surrogate platelet studies and retro spective analyses in these patients remains unknown.
Primary prevention in diabetes mellitus
multiple randomized trials of aspirin have been performed in patients without cardiovascular disease (table 1) and have included patients with or without diabetes mellitus. this review only addresses trials that included patients with diabetes mellitus and that involved a randomized comparison of aspirin with placebo rather than other antiplatelet therapies. trials also needed to report at least 2 years of follow-up and state individual vascular endpoints, so that drug effects could be estimated specifically for patients with diabetes mellitus. nine trials met these criteria. three of these trials exclusively studied patients with diabetes mellitus; the other six trials enrolled general populations but included some patients with diabetes mellitus. the trials that exclusively studied patients with dia betes mellitus were early treatment of Diabetic retinopathy (etDrs), 41 Prevention of Progression of arterial Disease and Diabetes (PoPaDaD) 8 and Japanese Prevention of atherosclerosis with aspirin in Diabetes (JPaD). 7 these trials included a total of 7,526 patients with 38,275 patient-years of follow-up between them. the etDrs trial 41 was notably larger than PoPaDaD 8 or JPaD, 7 enrolled patients with type 1 and type 2 diabetes mellitus and was conducted before the era of statins. although the trial was designed to exclude patients with a history of major cardiovascular events, 1.7% of patients who took part in the trial had a history of stroke and 7.7% had a history of coronary heart disease. 41 these characteristics contributed to the etDrs study participants being at a higher risk of cardiovascular disease than the participants of PoPaDaD and JPaD. in the etDrs control group, 41 the 10-year adjusted incidence rate of coronary heart disease was 30.6% compared with 19.3% and 2.5% in the control groups of PoPaDaD and JPaD, respectively (table 1) .
aspirin therapy resulted in a 15% relative risk (rr) reduction in fatal plus nonfatal myocardial infarction in patients in the etDrs (rr 0.85, 95% Ci 0.73-1.00). 41 in the JPaD study, 7 a similar reduction was observed for fatal plus nonfatal coronary heart disease events (rr 0.81, 95% Ci 0.49-1.33) but the number of events was small (28 in the treatment group versus 35 in the control group) and the findings were not statistically significant. neither trial reduced the risk of stroke, although not many strokes occurred (table 1). in the PoPaDaD trial, 8 which enrolled patients with an ankle brachial pressure index <0.99 (the ratio of blood pressure in the lower legs to the blood pressure in the arms as a measure of peripheral vascular disease), no benefit from aspirin was found for the endpoint of death from coronary heart disease plus nonfatal myocardial infarction, despite the relatively high risk of the population studied. a nonsignificant reduction in the risk of stroke was determined. the use of statins was not reported. the finding that aspirin provided no benefit in the PoPaDaD trial should be considered in the context of the very high rate of drug discontinuation in this trial. revieWS although PoPaDaD averaged a mean 6.7 years in duration of follow-up, the rate of discontinuation of assigned therapy was reported as 50% at 5 years. a beneficial trend for the composite vascular endpoint with aspirin therapy could be detected after 2 years but was lost after 4 years. 8 what part the high rate of aspirin discontinuation played in this finding is unknown. in addition, the rate of adverse events did not differ between groups, which again raises the possibility that low adherence may have led to the few observed differences. in the six studies that analyzed aspirin therapy in general populations, a variable number of patients with diabetes mellitus were enrolled, with a wide range of baseline risk levels (table 1). these trials were the British medical Doctors (BmD) study, the Physicians Health study (PHs), the thrombosis Prevention trial (tPt), the Hypertension optimal treatment (Hot) study, the Primary Prevention Project (PPP) and the women's Health study (wHs). 5, [45] [46] [47] [48] [49] [50] three of these trials included 1,000 or more patients with diabetes mellitus (PPP, wHs and Hot), whereas the PHs included about 500 patients with diabetes mellitus, and the BmD study and tPt enrolled about 100 patients each. the 10-year extrapolated risk of coronary heart disease in these patients ranged from 5.4% to 33.5%. Given that the trials did not specifically randomize on the basis of diabetes mellitus status, post-hoc analyses of their results do not preserve all the benefits of randomization and should be interpreted with caution.
the BmD, tPt and PHs trials only enrolled men. the BmD trial showed no benefit of aspirin for the reduction of coronary heart disease events or stroke in the subset of patients with diabetes mellitus. 45 similarly, little effect was observed in the tPt. 47 the number of events in partici pants with diabetes mellitus was quite small in both trials, however, and the Cis were wide. the PHs showed a large, but not statistically significant, reduction in myocardial infarction but also a nonstatistically significant increase in stroke among study participants with diabetes mellitus treated with aspirin. 46 the PPP contained a mixed population of men and women and showed a nonstatistically significant reduction in coronary heart disease events among aspirintreated patients with diabetes mellitus. 50 researchers of the Hot study also enrolled a mixed population of men and women and had similar findings. 48 the wHs, the only trial to enroll exclusively women and the trial that used the lowest aspirin dosage (100 mg every other day), showed a nonsignificant trend for increased coronary heart disease events (rr 1.34, 95% Ci 0.85-2.12) but also found a reduction in stroke (rr 0.45, 95% Ci 0.25-0.82) with aspirin. 5 Given the limited power and mixed results of the available individual trials, several analysts have attempted to combine the data on the effectiveness of aspirin in patients with diabetes mellitus by meta-analysis (table 2) . 2,9,51-53 the meta-analyses differed somewhat in the specific trials included, how outcomes were defined and the data available from each trial. However, they consistently identified a nonstatistically significant 10-15% relative risk reduction in coronary heart disease events. Pooled estimates for reduction in stroke were similar in magnitude (10-17%) across analyses that included the majority of trials and were also not statistically significant. Given the limited duration (<10 years) of the available trials, the effects of aspirin on all-cause mortality are currently undetermined. in addition, none of the meta-analyses had sufficient data at the individual patient level to stratify their estimates of effect of aspirin in diabetes mellitus for men and women, despite some evidence suggesting that the effects may differ between the sexes. 51 several meta-analyses have examined the adverse effects of aspirin on gastrointestinal bleeding in populations that included individuals with and without dia betes mellitus. these analyses have consistently found that aspirin increases the risk of bleeding (rr 1.5-1.7). 54 the absolute rates of gastrointestinal bleeding in randomized trials have been low; the absolute excess risk was approximately three per 10,000 in the six general population primary prevention trials. nevertheless, a 2009 att revieWS meta-analysis, 2 an update from the same group that published the atC meta-analysis 1 in 2002, also suggested that patients with diabetes mellitus may be at somewhat higher risk of gastrointestinal bleeding than those in the general population. in addition, data from real-world settings in general populations (outside the context of a research study) have also suggested higher rates of bleeding with aspirin in patients with diabetes mellitus than those without this disorder. 55 on the basis of these data, the actual excess risk of gastrointestinal bleeding may be 1-2 in 1,000 individuals per year in middle-aged adults with diabetes mellitus. this risk also increases substantially with age and may be >5 in 1,000 per year in those aged >70 years.
Benefit versus harm of aspirin use
Given the potential beneficial and deleterious effects of aspirin, clinicians and policy makers must decide which patients, if any, should receive aspirin for the primary prevention of cardiovascular disease (Box 2). this question is difficult for patients both with and without diabetes mellitus. many different analysts have attempted to weigh the relative benefits (reductions in myocardial infarction and/or stroke) against the adverse effects of gastrointestinal bleeding and the added burden of taking a preventive medication every day.
56-58 these calculations must be made in the presence of uncertainty about the true long-term effects of aspirin and whether these effects vary across different patient populations, including those with diabetes mellitus.
some analysts have counted the number of potential cardiovascular events prevented and directly compared them with the number of gastrointestinal bleeds caused. 56 such comparisons are misleading, as each cardio vascular event, on average, has a greater effect on health than each gastrointestinal bleed. in order to accurately judge net health effect, immediate and delayed effects of preventing or failing to prevent myocardial infarctions, strokes and gastrointestinal bleeds must be considered, including their effects on quality of life, costs of care and mortality.
the effects of aspirin for primary prevention in patients without diabetes mellitus at different levels of cardiovascular risk have previously been modeled. [59] [60] [61] in general, these analyses have found that the benefits of aspirin appear to clearly exceed the adverse effects in men with a 10-year coronary heart disease risk >10%. 60 in women, the net benefit is less evident because of limited data, but may be present for older women (>65 years) at increased risk of stroke. 59 a cost-effectiveness model examined the role of aspirin specifically in patients with diabetes mellitus. the investigators assumed an 18% reduction in coronary heart disease events and 5% reduction in stroke and found aspirin use to be efficacious and cost-effective ($5,428 per life-year gained) compared with no aspirin use. men derived more benefit than women, but aspirin was cost-effective for both sexes. 62 although the estimate of overall cardiovascular disease risk reduction in the att meta-analysis 2 did not differ with the presence or absence of diabetes mellitus, aspirin might be somewhat less effective (that is, a smaller rr reduction) for patients with diabetes mellitus compared with the general population. 2,9 in other words, the cardiovascular disease risk threshold for prescribing aspirin would be higher for patients with diabetes mellitus than those without this disorder. Further data on the effects of aspirin in adults (particularly women) with diabetes mellitus is needed to clarify this question. in addition, aspirin must be considered in the context of other effective preventive therapies in diabetes mellitus, including statins, smoking cessation, blood pressure control and possibly glycemic control.
Guidelines
in January 2009, the american Diabetes association (aDa) revised the strength of its recommendation for the use of aspirin for primary prevention of cardio vascular events in patients with diabetes mellitus, going from evidence level a (clear evidence from well-conducted, randomized trials) to level C (conflicting evidence with weight supporting recommendation).
63 Canadian guidelines were similarly revised. 64 others have suggested that aspirin should not be used for primary prevention in patients with diabetes mellitus because they consider the benefits to be unproven in the face of known deleterious effects. 2, 65, 66 on the basis of new trial evidence, as well as conflicting expert opinion regarding the use of aspirin in patients with diabetes mellitus, the aDa, american Heart association and american College of Cardiology Foundation convened a panel of experts to review all the available evidence and provide updated practice recommendations. a total of nine trials were analyzed (including additional data from three trials that were provided by the atC) with meta-analyses generated for both cardiovascular events and stroke. new summary recommendations were published by the aDa in January 2010 and a complete document was published in June 2010. 67 the panel concluded that, on the basis Box 2 | Pros and cons of aspirin for primary prevention in diabetes mellitus
Arguments in favor of aspirin therapy
Meta-analyses show trend for modest benefit ■ Patients with diabetes mellitus are at high risk of cardiovascular events ■ Patients with diabetes mellitus in clinical practice often lack optimal ■ cardiovascular disease risk control (control of LDL cholesterol levels, hypertension control, smoking cessation) and would derive more benefit than trials suggest
Avoiding a major cardiovascular event is generally of more value to a patient ■ than experiencing a gastrointestinal bleed
Arguments against aspirin therapy
Trend for benefit in meta-analyses not statistically significant ■ Patients with diabetes mellitus may be more 'resistant' to effects of ■ antiplatelet therapies ATT meta-analysis ■ 2 suggests a higher risk of adverse effects related to gastrointestinal bleeding from aspirin in patients with diabetes mellitus than in the general population revieWS of currently available evidence, aspirin (75-162 mg per day) for primary prevention is reasonable for adults with diabetes mellitus and moderate or higher cardiovascular disease risk (10-year risk of cardiovascular disease events >10%), assuming that they are not at high risk of gastrointestinal bleeding. By contrast, those with low cardiovascular disease risk (10-year cardiovascular disease risk <5%) should not use aspirin as a preventive measure. men aged >50 years and women aged >60 years with an additional risk factor were identified as those most likely to benefit from aspirin therapy. 67 
Future research
Surrogate platelet testing Given the debate regarding the potential for diabetes mellitus to induce a relative aspirin resistance, the availability of a reliable test to measure platelet response to aspirin therapy would be an important step forward. Prospective trials are needed to determine whether or not high doses of aspirin (>325 mg daily) or the use of other antiplatelet therapies in addition to aspirin are effective in patients with apparent aspirin resistance. two ongoing trials, both of which include patients with diabetes melli tus, may offer some insight into the latter question.
the trial Gravitas (Gauging responsiveness with a verifynow ® assay, impact on thrombosis and safety) has a target enrollment of nearly 3,000 patients and will test whether high doses of clopidogrel (150 mg daily versus standard 75 mg) improve clinical outcomes in patients with apparent antiplatelet resistance despite background therapy with aspirin and standard doses of clopidogrel. researchers of Gravitas completed recruiting in 2009, but the trial is ongoing. the smaller asCet trial (aspirin non-responsiveness and Clopidogrel endpoint trial) will enroll about 1,000 patients and will also include those with diabetes mellitus. researchers of asCet are using a different surro gate platelet testing modality than Gravitas to test platelet response to 160 mg aspirin daily and will randomly allocate patients on the basis of their response to either continued aspirin or a switch to clopidogrel. although neither trial will include enough patients with diabetes mellitus to provide definitive answers, both should offer some insight into the clinical implications of prospectively determined antiplatelet resistance and its impact on clinical outcomes.
ongoing trials of primary prevention the findings of two ongoing studies on the use of aspirin for primary prevention in diabetes mellitus are eagerly awaited, especially given the lingering question about the role of aspirin in patients already on statin therapy. the aspirin and simvastatin Combination for Cardiovascular events Prevention trial in Diabetes (aCCePt-D) is an open-label study that compares 100 mg aspirin to placebo in patients with diabetes mellitus (>50 years of age) without coronary heart disease. 68 a second trial conducted in the uK will also compare 100 mg of aspirin with placebo. 69 researchers of the asCenD (a study of Cardiovascular events in Diabetes) trial will examine patients with diabetes mellitus (aged >40 years) without coronary heart disease. 69 Given that asCenD is still recruiting, a large number of patients in this trial are expected to also be on statin therapy. aCCePt-D and asCenD will include 5,000 and 10,000 men and women, respectively, with no prespecified number for either sex. a third trial, the Japanese Primary Prevention Project (JPPP) has completed enrollment and includes about 5,000 patients with diabetes mellitus among the nearly 15,000 patients enrolled. 70 investigators of the JPPP trial recruited individuals >60 years of age to further delineate the risk of bleeding in the elderly population with diabetes mellitus. 70 similar to the aCCePt-D 68 and asCenD 69 trials, JPPP 70 is investigating the effect of 100 mg of aspirin daily versus placebo.
Conclusions
Patients with diabetes mellitus are at an increased risk of cardiovascular events. aspirin, through platelet inhibi tion, is effective in reducing thrombosis, although this benefit comes at the expense of an increased risk of gastro intestinal bleeding. evidence from trials in patients with diabetes mellitus and subgroup analyses of participants with diabetes mellitus in trials performed in general populations suggest that aspirin may reduce coronary heart disease events and stroke in diabetes mellitus, although definitive conclusions about aspirin's effects are limited by the low number of events in the trials to date and paucity of data from trials conducted solely in patients with diabetes mellitus. ongoing trials such as asCenD 69 and aCCePt-D 68 should help clarify these questions in the near future. until then, it seems reasonable to consider aspirin as one of the potential therapies for cardiovascular disease risk reduction in patients with diabetes mellitus and elevated cardio vascular disease risk.
Review criteria
A search for original studies published since 1966 and focusing on aspirin therapy was conducted in MeDLINe. Search terms included "aspirin", "therapeutic use" and "placebo controlled". All articles were english language, full-text papers. Trials had to report at least 2 years of follow-up and include patients with diabetes mellitus. Publications needed to include a listing of specific vascular endpoints so that drug effects could be estimated specifically for patients with diabetes mellitus. We also searched the reference lists of identified articles for further papers. Nine trials met the search criteria and were included in Table 1 . The authors' expertise in this field was used to determine other articles. 
